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ABSTRACT 


An extensive study of various laser range- finding techniques was carried 
out for both long range and short range applications making use of various types of 
laser sources. The relative merits and demerits of available laser sources were pointed 
out. System considerations of the major blocks of a laser range finder were studied. 
Modem signal processing techniques for improving the performance of range 
measurement at low power outputs are considered. Improvement of the SNR at low 
power levels by using Pulse integration or signal averaging technique is discussed. A 
digital signal averager scheme was designed and implemented using a high speed 8-bit 
ADC, RAM, and DAC. Timing and control-signal generators for the above averager 
were implemented using standard digital hardware. For typical receiver outputs, signal 
build up was observed on the CRO. Improvements to the above design are suggested. 
Simple transmitter and receiver circuit schemes were carried out and implemented. 
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CHAPTER 1 
INTRODUCTION 


In the past, terrestrial opto-electronic distance measurement in the kilometer range 
was only possible by marking the targets with reflector prisms or by increasing the 
optical power output far beyond the eye safety limits. This is not acceptable for many 
measurement tasks. This problem can be avoided by employing low power laser sources 
and modem signal processing techniques. Nowadays optical range finders compete with 
the microwave radars because of the tremendous improvements in present day 
technology in the optical field, manufacturing of various lasers sources, photodetectors 
and other optical equipment. These range finders are very accurate in measuring 
distances. At present the design of the laser range finder appears to be much simpler than 
the conventional microwave radar systems. These range finders have the added 
advantages of immunity to EMI, comparatively lower cost, small size and weight, and 
easier maintenance. Laser range finders can be used for both civilian and military 
applications. Many such systems can easily track the moving targets as well. Other 
advantages include low power consumption for battery operated systems and 
compatibility with remote and control data transfer systems. 

1.1 SYSTEM OVER VIEW 

The basic laser range finder consists of mainly the laser transmitter, receiver and 
associated optics. Fig 1.1 shows a simple functional block diagram of a typical laser 
range finder. 

There are several techniques available to measure the range of a target, viz. time 
of flight method (TOF), interferometry, and phase-shift method. TOF method is based on 
a simple principle. The target whose range R to be determined is given by R= (ct/2) +K0, 
where c is the velocity of the light and t the time interval between the departure of light 
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pulse from the transmitter and its arrival at the receiver. The constant KO is the sum of the 
systematic effects such as signal propagation delays, thyristor switch time etc. 








I 

Target 




Figl . I : Basic block diagram of laser range finder 

Transmitter: There are several sources that are available to the designer, viz. 
Gas, solid state lasers, NdrYAG, semiconductor lasers, and GaAs laser diodes. The 
choice of a particular laser source depeiyls upon many parameters. Every source has its 
own advantages and disadvantages. I he transmitter mainly consists of a light source and 
necessary drive and control circuitry. Increasingly, laser diodes are being used in range 
finding equipment. Because of their adequate output power, they are suitable for a wide 
range of applications, and their optical power is directly modulated by varying the input 
current to the device. The choice of a particular laser diode has to be made according to 
the required optical power output, beam quality, modulation frequency and depth, 
coherence length,etc. 
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Receiver: It comprises a photodetector, a preamplifier, post amplifier and 
signal restoring circuitry. The main function of the detector is to convert the optical 
signal into an electrical signal. It must meet very high performance requirements. The 

I 

signal should be amplified with as minimum noise as possible so that it can be processed 
by subsequent signal processing stages to improve the signal-to-noise ratio. The echo 
signal from the target is often much weaker than the background radiation received from 
the sun. This background radiation however can be treated as a random noise and it can 
be suppressed by repetitive measurements. One such method is the pulse integration or 
the signal averaging technique. In this method the echo signal accumulates proportional 
to the number N of independent measurements while the noise increases as 'hi. 

1.2 THESIS OBJECTIVE 

The main objective of the thesis is to study commonly used laser range finders 
and to design a suitable signal averager for an optical range finder. Improvements in 
range measurements are possible by implementing some modem signal processing 
techniques combined with low laser output power to meet eye safety requirements. 
Another critical limitation of the optical radar system is the background radiation. In most 
high power systems, threshold detection scheme is employed to overcome the 
background radiation. The principle of pulse integration is described and the hardware 
design of a digital signal averager is implemented. In this case after triggering the laser 
receiver, the signal is sampled and digitized at regular intervals, thus dividing the time 
axis into a series of windows or bins, each bin corresponding to a particular time interval. 
Distance is measured using the formula R= ct/2, where c is the velocity of light and t is 
the time of flight, between the exit of the laser pulse from the transmitter to the time the 
target signal is received. The width of the bin and nominal resolution depends on the 
speed of the ADC and rate at which the circuit can acquire and process the data. The 
incoming . data is stored successive memory locations, thereby creating an image of 
the time axis. Each memory location contains one sample of the receiver signal in a 
particular time gate. Besides external physical limitations it is also the size of the 
available fast memory that limits the maximum range of the apparatus. By implementing 
a suitable signal averager the SNR can be improved. 
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1.3 THESIS LAYOUT 

The complete thesis is divided into six chapters. Chapter 1 gives an introduction 
to the thesis. A comprehensive review of different laser sources is given in Chapter 2. 
Different laser range finding techniques are reviewed in detail in Chapter 3, which 
discusses both long and short range measurements. In Chapter 4, system considerations 
of laser range finders are given. Chapter 5 gives the details of the digital signal averager 
which was implemented as a part of this study. Implementation details of some 
subsystems such as transmitter and receiver are also given. In Chapter 6, the result 
obtained in the thesis has been discussed and some suggestions given for future work. 
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CHAPTER 2 


LASER SOURCES FOR RANGE FINDING 


Several types of laser sources are used in range finders. The choice of a particular laser 
source depends on the type of application (short range or long range measurement), required 
power output, pulse duration. Features and performances of various sources are briefly 
described below. Different types of laser sources used in range finders are reviewed in this 
chapter. 

2.1 SOLID-STATE LASERS 

All optically pumped solid state lasers consist essentially of a medium capable of 
producing optical gain, situated in a resonator which produces a positive optical feedback. The 
laser medium is usually fabricated in the form of a rod, and for real higher output energies, 
slabs and discs have been used. The dimensions of a typical laser rod used in a range finder lie 
between 3 and 7 mm diameter by 30 to 75 mm length. Considerable development effort has 
been expended upon the design of efficient techniques for optically pumping solid state lasers. 
The coupling of the output from the lamp into the laser rod is most efficiently achieved using 
an elliptical cylinder. The spectral emission from the pumping lamp must be optimized so as to 
match the absorption bands of the active ion. Hdving pumped the laser rod into a state in which 
it is capable of producing optical gain, positive feedback has then to be applied in order to 
create optical oscillations. This is most simply done by the use of two plane mirrors which are 
aligned to be perpendicular to the rod axis and accurately parallel to each other. However, a 
solid-state laser constructed with such a simple resonator generates a train of random output 
pulses. They arise because of rapid frequency jumps between various transverse and axial 
modes which the resonator can support within the amplification bandwidth of the material. 
Such a temporal output is almost useless for laser range finding applications. Hence some 
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techniques must be used to control the time evolution of the pulse stream. There are three 
techniques which are used for the control of the pulse development in range finding 
applications, yiz., Q-switching, cavity dumping and mode locking. These techniques are briefly 
discussed below. 


2.1.1 O-SWITCHTNG 

With the simple resonator described above the optical gain in the medium increases with 
time up to the moment when the gain just balances the optical loss in the resonator. At this 
point the gain saturates and any further increase in population inversion is converted into 
optical output by stimulated emission. The dynamics of the balance between the population 
inversion and the radiation field inside the resonator is complex and leads to the random and 
complex pulse described above. If the feedback produced by the mirror is destroyed by the 
insertion into the resonator of an optical switch capable of switching the cavity Q-factor, laser 
oscillations can’t then build up, and the gain goes on increasing with continuing pumping 
excitation. The gain will eventually reach an upper limit which will be determined by higher 
order process which compete for the population inversion. This could arise from depletion due 
to amplified spontaneous emission or from the onset of parasitic oscillations produced by 
unintended reflections (such as polished walls of the rod). The optical gain can thus be very 
much greater than that at which oscillation would occur in the absence of the switch. Suppose 
if the switch could be opened instantaneously, or at least in a time which is comparable to a 
few transits of the resonator. The photon flux would then start to build up from spontaneous 
emission noise very much rapidly than in the case of the uncontrolled resonator. Analysis of 
the dynamics of the process shows that, in principle, all the energy stored in the inverted 
population can be converted into radiation in a single optical pulse. The peak power and 
duration of Q-switched pulses are functions of initial gain and the dimensions of the resonator. 
Peak powers of the order of 1 to 10 MW in pulses lasting between 10 and 100 ns are easily 
obtained by this technique. 
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2.1.2 CAVITY DUMPING 

In this case, depending upon the gain of the laser medium and the characteristics of the 
resonator, the Q-switching technique can produce pulses with durations lying between 10 to 
100 ns. The ranging accuracy which can be attained using such pulses is at best of the order of 
a few meters. For some applications a shorter pulse is desirable. A crude technique which has 
been used is simply to chop a short portion from a Q switched pulse by a second elecrtro-optic 
switch outside the cavity. However, this is a very inefficient technique. A more satisfactory 
method is to use the cavity dumping approach. It is referred in literature as the pulse- 
transmission mode or PTM. This is essentially a variant on the Q- switching technique and 
uses slightly different layout for the resonator. As before, the inversion is allowed to build to 
its maximum value with the switch closed. When peak inversion is achieved, the switch is 
opened and the flux builds up inside the resonator. However, the reflectivity of the resonator 
mirrors are both high and so little radiation is allowed to be coupled to the outside world. The 
flux inside the resonator thus goes on building up until all the population inversion is converted 
to radiation via stimulated emission. At the instant of maximum flux, the switch opens a 
second channel which has very little loss, and thus all the radiation stored within the cavity is 
coupled out in a time comparable to a round trip between the mirrors. The switch obviously 
has to be able to make the transition between its various states in a time which is short 
compared with the resonator lifetime. Electro-optical switches are generally used in practice, 
and changes of the state of the polarization of the stored radiation are used to achieve the rapid 
output coupling. Using this technique, pulses down to 1 to 2 nanoseconds can be produced, 
which improves the range accuracy achievable to a few decimeters. 

2.1.3 MODE LOCKING 

In order to achieve the ultimate precision in ranging accuracy, pulses produced by the 
mode locking technique must be employed. Here again, a switch inside the resonant cavity is 
used. But in this case the transmission of the switch is modulated with a period corresponding 
to the round trip time of photons within the cavity. There are two ways of considering the 
effect of this modulation on the light within the resonator. In the temporal case, the changing 
transmission of the switch tends to bunch the photons into packets which suffer minimuih 
attenuation in their transit between the mirrors. In the frequency case, the action of the switch 
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is to produce a coupling between the different axial modes which the resonator supports within 
the amplification bandwidth of the laser material. The resultant elfect is that the phases of these 
different frequency components correspond to the Fourier spectrum of a short pulse bouncing 
backwards and forwards between the mirrors. The width of the pulses thus has a minimum 
value which is set by the Fourier transform of the amplification bandwidth of the material. In 
practice the pulse width achievable depends upon the gain of the laser, the parameters of the 
cavity and the characteristics of the switch. Pulses with width in the region between a few tens 
of picoseconds and a few nanoseconds can be produced. For laser ranging applications, a 
single pulse would be removed from a mode-locked pulse train using an electro-optic switch 
and then the output energy increased to a usable level by a series of amplifiers. 

2.1.4 TYPES OF SOLID-STATE LASERS 


There are only a few materials that are capable of reasonably efficient operation at 
room temperature. The choice of active ion lies essentially between Cr^^, Nd^^, Er^"^, and Ho^"^. 
The first laser range finder was based on ruby which is single-crystal aluminium oxide doped 
with about 0.05% Cr^^ . This material is relatively inefficient and thus requires an input energy 
of several hundreds of joules. It is being replaced in most applications, particularly where the 
range finder is required to be portable, by materials doped with the Nd^'*’ ion. A large number 
of host materials for the ion have been investigated, including various glasses. The most 
popular is yittrium aluminium garnet, Y3AI5O12 (knovm as YAG), which is grown in single 
crystal form by a complicated process. YAG laser rods are therefore relatively expensive when 
compared to glass. The YAG as a laser material is attractive due to its high optical efficiency 
and excellent mechanical properties. By careful design of the pumping enclosure, it is possible 
produce high efficiency lasers. The mechanical properties of YAG which makes it an ideal 
laser material are its high mechanical strength and resistance to fracture, its excellent thermal 
conductivity and resistance to breakdown in high optical field. Depending on the input energy 
requirements either krypton or xenon discharge lamps. The main disadvantage of Nd:YAG as a 
source of laser power is that although the wavelength of radiation is beyond that of the human 
visible range, it can nevertheless be focussed on the retina and thereby cause damage. 
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2.2 GAS LASERS 

The only relevant type of gas laser is that in which the energy required to produce the 
population inversion of the gas is provided by an electrical discharge through the gas. Of the 
pulsed gas lasers only the CO 2 laser is attractive as a range finder source. For CW systems He- 
Ne and CO 2 lasers are used. 

2.2.1 PULSED CO 7 LASER SOURCES 

Thermal imagers operate in the 8-14f.im band which utilize the small variations of 
temperature and emissivity of objects near to the ambient temperature to produce images 
without the need for external sources of illumination. There has been a search for compatible 
laser source of radiation for range finding. The requirement is an equipment to measure the 
range of any target which can be distinguished by the imager and this would include for 
example an ability to penetrate mist and smoke. This coupled with the desire to operate range 
finders which are eye safe, has led to an interest to possible ways of using CO 2 lasers for range 
finding. The CO 2 molecule has an emission band which falls in the middle of the thermal 
window, and spans a range from 9.1 pm to 1 1.28pm, with its strongest emission arising on the 
P(20) line at 10.59pm. It is also by far the most efficient of the gas lasers. For example, in the 
case of a low pressure CW laser the efficiency can be as high as 20%, but for pulsed lasers 5% 
is typical. High pulsed output powers require high pressures to increase the number of 
molecules contributing to the emission. However, this leads to the problem of achieving laser 
action with a pulsed discharge at high pressures. 

The creation of uniform discharges in gases at pressures approaching one atmosphere is 
difficult because, once ionization occurs at some point the discharge tries to build up there to 
create an arc. Researchers showed that a uniform discharge could be created by transverse 
excitation between an array of resistively loaded metal pins and a flat bar. Lasers with such 
arrangements are called transversely excited, atmospheric-pressure (or TEA) laser. Generally 
the TEA laser is fed from a low-inductance capacitor charged to about 25kV. Initially the 
capacitor is isolated fi-om the laser by a triggered spark gap. When the spark gap is fired, a 
subsidiary capacitor produces a discharge between the trigger wires and the cathode. This 
created UV radiation, which generates a uniform cloud of electrons in the gap between the 
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electrodes, thereby initiating the main capacitor to discharge. The population inversion 
produced by the discharge is generated so quickly that it has a similar effect to Q-switching in 
a solid-state laser and the radiation is produced in a pulse lasting about 60ns. For a discharge 
length of 250mm and an input energy of 2.5J, such a laser produces a peak output power of 
about 250kW[l]. 

The TEA laser provides a practical source for use in compact direct-detection systems 
which are required have ranges up to about 10km. This range may be increased to some extent 
by using lasers with even greater output power but the range increase is a rapidly diminishing 
function of power because of the exp(-2kR) factor in the signal strength produced by the 
atmospheric attenuation coefficient k and the change over from 1/R^ to 1/R'‘ dependence of 
signal strength on range R as the target ceases to fill the beam. Thus further range increments 
are possible only by utilizing the greater sensitivity offered by the use of heterodyne detection. 
This in turn places demand upon the characteristics required of the transmitter source. Ideally it 
should produce a high-power at a single, stable frequency, which is offset by a fixed value (the 
IF) from a stable CW source which acts as a local oscillator (LO). The axial mode of laser 
separation for a laser resonator length L meters is c/2L Hz, where c is velocity of light. The 
pressure broadened bandwidth of a TEA laser, when operated at atmospheric pressure, is about 
3 GHz , and so a resonator 300 mm long could support six axial modes within the 
amplification bandwidth. One possibility is to use a short resonator capable of oscillating in 
only one mode. 

2.2.2 CW GAS LASERS 

Popular CW gas lasers used in range finders are He-Ne and CO 2 lasers. The He-Ne red 
laser emits at 632.8 nm. This laser is available in various power ranges varying from 1 to 
25mW and is applied in surveying range finders. Portability is the main concern and hence the 
low p>ower versions are most widely used. These laser sources are about 250mm long and 
50mm diameter and they require dc drive voltages of hundreds or thousands of volts. These 
lasers are extensively used for a variety of applications, and hence reliable, long-life, sealed-off 
versions are available commercially. 
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CW versions of CO 2 lasers are available in various powers ranging from fractions of a 
watt to up to many watts (even kilowatts), with lengths ranging from a fraction of a meter 
upwards. Single longitudinal mode outputs are available from the shorter lasers and this makes 
them suitable as frequency-stable sources for heterodyne detection systems. 

2,3 SEMICONDUCTOR LASERS 

The most commonly used semiconductor laser in rangefinders is the GaAs laser. 
Semiconductor lasers are attractive because they are small and are efficient sources capable of 
being rapidly modulated by varying the drive current. The radiation wavelength are in the 
range of 0.8 to 0.9pm. The average power output is generally a few milliwatts to a few watts 
and the pulse length of the order of 10 to ISnsec. Laser action is obtained by population 
inversion in the vicinity of a p-n junction, forward biased to produce carrier injection. These 
sources have efficient room temperature operation. Also, they have high efficiency and high 
repetition rate and hence suitable for most civilian as well as military applications. 
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CHAPTER 3 


REVIEW OF LASER RANGE FINDERS 


This chapter reviews Laser range finders (long and short ranges). Different types 
and techniques employed in these range finders are reviewed after a brief discussion on 
the basic principle of long range measurement. 

3.1 BASIC PRINCIPLE OF LONG RANGE MEASUREMENT 

Time of flight (TOF) measurement is the simplest and easiest way of measuring 
long range. The range R in meters is calculated from 

R=(CTr)/2 (3.1) 

where C is the velocity of light (= 3x10® m/s), Tr is the time elapsed between the 
departure of the light pulse from the transmitter and its arrival at the receiver. 

The principal elements of a pulsed laser range finder are shown in Fig.3.1 and a 
general block diagram of the same in Fig.3.2 [1]. Majority of these Range Finders use an 
optically pumped solid-state laser as the source of transmitter power (pulsed CO 2 lasers 
systems are also used). In general, the principal optical elements of a typical ranging 
system as shown in Fig.3.1) are 

(.Sighting Telescope 

2. Transmitter 

3. Receiver 

Overall system performance depends on these three subsystems and how they are realized 
physically. The sequence of events in a typical pulsed laser rmige finder is as follows. 
The sighting Telescopes is carefully aligned to point at the target and then the transmitter 
pulse is initiated. A small fraction of the energy from the pulse is picked up from the laser 
diode and is fed to the fast photodiode in the receiver circuit. The output from the 
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photodiode initiates a high speed counter which is clocked by pulses from a quartz - 
controlled oscillator. A small fraction of the energy reflected from the target is collected 
by the receiver lens, which is focussed on to the detector. In order to reduce the energy 
reaching the detector from unwanted broadband sources within the receiver field of view, 
a suitable narrow band interference filter is used. The output from the detector is fed to a 
preamplifier. The preamplifier is generally of transimpedence design, which converts the 
current developed by the detector in high impedance to a low impedance output which 
minimizes the additional noise introduced by the conversion process. Signal level is 
further increased by a main amplifier. In order to compress the dynamic range of the 
signals produced at the output it is normal practice to sweep the gain of the main 
amplifier as a function of time so that strong signals from near by targets are amplified 
less than weaker signals from more distant ones. 

The amplified signal is then applied to a threshold comparator. If the signal 
exceeds an internally set voltage the clock is stopped. The threshold has to be set 
carefully, so that noise signals alone only very rarely cross the threshold to create false 
alarms, and yet must not be set so high that there is an appreciable probability that true 
signals will be missed. For a satisfactory statistical performance, the amplitude signals- 
to-noise ratio (SNR) need to be set much larger than unity. If the clock frequency is 
chosen correctly the number of clock periods stored in the counter can be simply related 
to the range of the target. For example if the clock frequency is set at say, 30MHz, light 
will travel 10m in one clock cycle and the range resolution of the instrument will be ±5m. 
In some designs the system can cope with more than one pulse exceeding the threshold 
value, in which case the clock is not actually stopped by the signal crossing the threshold 
level, but instead the clock count at each occurrence is stored and are read out in 
sequence at the end of the ranging operation. It is then left to the judgement of the 
operator to decide which is the true range to the target. Laser ranging systems use direct 

detection in most of the cases and ‘some cases they employ heterodyne detection, 

A 

especially when CO 2 laser is used as the transmitter source. The common laser sources 
used are GaAs laser diodes, NdrYAG lasers and CO 2 lasers. Different ranging systems 
making use of the above three lasers are reviewed below. 
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3.2 RANGE MEASUREMENT SYSTEM USING Ga As LASER 
DIODES 

Ga As injection Lasers radiating in the wavelength region of 8400-9000A° are at 
times used in pulsed ranging systems. There are several attractive features of Ga As 
which are useful in several applications, such as ranging, altimetry and space rendezvous 
systems, requiring limited range and high pulse repetition rates. The major features of 
GaAs laser systems are [2-4] 

1 . small size and weight 

2. Direct current modulation enabling conversion to infrared radiation with 
high internal efficiency 

3. efficient room temperature operation 

4. ability to modulate with short pulses and high frequency waveforms 

5. simple and rugged in construction 

6. high pulse repetition rate capability 

In comparison to solid state their output is relatively low, typically of the order of 
10 to lOOW. The radiation wavelength of GaAs is temperature dependent (it shifts at 
0.25nm/®K at room temperature). So depending upon the application some temperature 
stabilization techniques are used. The spectral width is between 1 to 2nm caused mainly 
by multimode operation and temperature increase while the ciurent pulse is being 
applied. The multimode occurs because the diode current pulses are 2 to 4 times larger 
than the threshold current for laser action. The light emitted from the laser diode is 
diffraction limited for the smaller dimension of the p-n junction (typical junction 
thickness is 3 pm). The angular beam spread of about 2nm for the larger dimension 
(junction width) is given by the different modes in the Fabry-Perrot type of the p-n 
junction. Small beam divergence can be obtained by using collimating lens. To handle 
the high currents necessary for laser action in room temperature laser diodes, different 
approaches for the pulse generators are possible. Commonly used switching element in 
the pulse generator include SCRs, Transistors in avalanche mode, Cold cathode tubes. 
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mercury-wetted relays and specially built mechanical contacts. The block schematic of a 
typical GaAs laser range finder is shown in Fig.3.3. 



Fig.3.3 Block diagram of a OaAs laser range finder 

In the receiver sectbn the photo multiplier tubes (PMT) are generally used as the 
detector whose dark current at room temperatwe is of the order of IpA and internal 
current gain of of 50,000 [2,3]. The interference type IR band pass filter is incorporated 
in the detector assembly to reduce the background radiation. A video amplifier is used to 
amplify the output of the PMT, with typical gains of the order of 50dB, and bandwidths 
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of about 40MHz. Silicon avalanche photodiodes are also employed in some applications 
One such application is given in Ref. [4], 

PERFORMANCE : The range capability of GaAs laser radar depends upon system 
parameters and operation environment. Injection Laser diodes capable of coherent 
radiation in the visible region would considerably improve the response. Silicon and 
Germanium avalanche photodetectors with more sensitivity in the near infrared are are 
preferred choices. There are two ways to improve the range performance, one is by 
increasing the transmitter signal power and the other by increasing the sensitivity of 
detector. Injection lasers have lower powers as compared to other lasers. With the 
available power output a further increase of the maximum range is only possible by 
increasing the sensitivity of the detection system. This may be achieved by signal 
processing techniques without increasing the time necessary for measurement. In general, 
the limited power output restricting the maximum range capability, represents the most 
serious handicap of Injection laser radars. 

3.3 RANGE MEASUREMENT SYSTEMS USING COr LASERS 

Range measurement systems using CO 2 lasers are generally based on TOF 
method. Making use of high power lasers operating at a wavelength of 10.6p.m and peak 
powers of the order of several kW. Other CO 2 lasers ranging systems employ FM-CW 
radar techniques. The main advantage of CO 2 lasers is that even though they emit high 
powers eye safety is generally maintained for commonly used transmitter aperture 
diameters. Also, the pulses emitted by this can easily transmit through mists and hazes. 
Some of the CO 2 laser ranging systems are briefly reviewed below. 

A pulsed CO 2 laser ranging system has been reported by Taylor et al [44]. They 
named this system as Ferranti 303 which uses a Marconi Avionics tube with a peak 
power of about 300kW and pulse width of 60ns (full-width at half maximum). The 
transmitter beam with had a full-cone divergence less than 0.7 mrad. The receiver 
aperture had a diameter of 150mm and the detector was a lead-tin telluride photodiode 
operated at 80K by a Joule-Thomson compressed-air cooling system. Range performance 
of 5km with an accuracy of ±5m was achieved for natural targets. 
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Another pulsed CO 2 laser ranging system reported made use of a CO 2 TEA laser 
with 400ns pulse width and 30kW peak power [42]. Ranges of 2km were achieved with 
this system. 

Yet another range measurement method using CO 2 lasers makes use of the FM- 
CW Radar technique [43]. In conventional FM-CW radar theoiy, the range to a stationary 
target is determined by the frequency difference between the signal returned from the 
target and the frequency then present at the transmitter. If the echo signal is homodyned 
with a portion of the transmitter signal in a nonlinear detector, a beat note fb will be 
produced, which is proportional to the target range R. If the transit time of the energy 
travelling to the target and back is smaller than the time involving the maximum 
unambiguous range Rmax (=c/8fn„ where is the modulating frequency), this beat 
frequency is related to the target range by 

fb = 4Rf„,Af/c (3.2) 

where Af is the full width of the frequency excursion. In this application they used a 3W, 
CW output and a pie 2 X)electric transducer was used to produce a Af of 20MHz at 45Hz 
modulation frequency. Sinusoidal beat frequencies of 1500 and 2780 Hz were measured 
corresponding to ranges of 62 and 1 1 5m, respectively. 

The schematic diagram of a CO 2 laser range finder making use of heterodyne 
detection and chirp pulse compression is shown in Fig 3.4 [5]. In this range finder an 
acousto-optic modulator (using a surfece accoustic wave device) is used in the transmitter 
to superimpose a precise, electronically generated modulation on the CW laser. The 
modulating waveform consisted of a train of constant amplitude pulses of 4ps duration 
with linear frequency modulation from 53 to 67 MHz repeated every 33ps. Such 
individual pulses are termed as ‘chirp pulses’. The return beam from the target is mixed 
on the detector with a portion of the frequency-swept transmitter beam acting as a local 
oscillator.. The frequency of the signal at detector output is then related to the target 
range. Separate transmit and receive apertures of 50mm diameter were used. The 
fractional accuracy of range determination by this scheme was typically limited to about 
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10% by the inability to produce precisely the required linear variation of frequency with 
time. Signal-to-noise ratio in this system was augmented by adding successive returns in 
a digital integrator. A maximum range of 10km was obtained. Because of the chirp signal 
processing there existed a range error for moving targets ol typically 8m/sec radial 
velocity. 
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Fig.3.4 Schematic diagram of a CO 2 laser range finder making use of heterodyne 
detection and clilrp pulse compression 

Heterodyne detection enjoys a real advantage over direct detection when the 
receiver aperture size must be minimized. For example, to counter-balance a typical 
factor of 80 in detector sensitivity, the direct detection receiver would need about 9 times 
the aperture diameter. Another advantage of a heterodyne-detection system is the ability 
to determine target velocity from any Doppler frequency shift. 
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3.4 RANGE MEASUREMENT SYSTEM USING Nd;YAG LASERS 

Nd :YAG (Neobidium Yttrium Alluminium Garnet) lasers form a class of 
solid-state lasers which are very popular in several applications. Their emission 
wavelength is 1.06 pm. These lasers are becoming popular choices in laser ranging 
systems due to their compactness and other desirable features for long range 
measurements. The success of YAG as a laser material arises from its combination of 
optical efficiency and excellent mechanical properties. By careful design of the pumping 
enclosure, it is possible to produce an efficiency, measured in terms of the optical energy 
produced compared with the energy in the capacitor, in the excess of 2% as compared to 
0.05% of ruby. The only major disadvantage of the Nd:YAG as a source of laser power is 
that even though wavelength of radiation is beyond the human visible range it can 
cause damage to the eye if focussed on to the retina [1 ]. 

A hand-held Nd:YAG laser based range finder has been reported for use in 
military applications [1]. This range finder emits optical pulse energy of 4mJ in a 

I. Smrad beam. Sighting of the target is achived by a x7 telescope. The telescope also 
focuses the returned laser energy on to a silicon APD via a dichroic beam splitter. The 
equipment has a ranging capability of about 9km under conditions of good visibility, with 
a range resolution of ±5m. A 4-digit LED display presents the range to the operator. 
Similar equipment is available for battle tank applications. One such system, called LF- 

II, uses a Nd:YAG laser with a peak power of 2MW and pulse width of 5ns for range 
measurements from 500m to 10km[l]. 

Another laser ranging system used for defence applications is the Ferranti 
airbone Nd:YAG laser rangefinder. This equipment is part of the weapon aiming systems 
of Jaguar, Harrier and Tornado aircrafts of the RAF, UK [1]. Here an electro-optically Q- 
switched Nd:YAG laser capable of operating at 10 or 20 Hz is used. 

Other laser ranging systems are also reported. One such system used pulse- 
Doppler laser radar making use of laser diode pumped Nd:YAG oscillator of extreme 
frequency stability. The output of the oscillator was passed through a permanent-magnet 
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optical isolator and then gated and frequency shifted by an acousto-optic modulator 
before amplification. The linear amplifier generated high-peak-power pulses, which were 
then transmitted through a parabolic mirror. Signal returning from distant targets to the 
mirror is collected in a single-mode optical fiber, mixed with the oscillator output and 
detected [7]. Signals from clouds at a range of 2.7km and from atmospheric aerosols at a 
range of 600m were detected. 

Yet another recent system used NdiYAG with a pair of streak cameras to 
achieve accuracy several millimeters in long range measurements [6]. In this the basic 
radar system consisted of a Nd;YAG laser , a KDP doubling crystal, a KD*P tripling 
crystal, a frequency-stabilized master oscillator, an optical-clock generator, two matched 
streak cameras, and an output-input telescope system. The laser is Q switched and mode 
locked and outputs a burst of pulses at 500Hz repetition rate. Each pulse in the burst has a 
pulse width of less than lOOps (FWHM). A single pulse is extracted from each burst by 
use of a Pockels cell. The train of single pulses, which has a fundamental frequency of 
1.064pm, is then directed through KDP second-harmonic generating and KD*'? third- 
harmonic generating crystals producing 532 and 355nm wavelength pulses, respectively. 
All three wavelength pulses emerge simultaneously. The three-wavelength ranging pulses 
are combined and then directed into the beam expander and launched through the sending 
telescope toward the target. rhi.s system achieved a resolution better than 1cm over a 
range of 30km. 

Another Nd:YAG laser ranging system reported is called PATS (the Sylvania 
Precision Aircraft Tracking System) which is used for tracking and position 
determination of cooperative targets such as aircrafts [45]. This system is capable of 
measuring azimuth, elevation and range of a target at sample rates up to one hundred 
measurement sets per second. It used a Q-switched, flash-pumped Nd:YAG laser having 
a pulse width of 25ns, developing IMW peak power in a lOmrad beam at a rate of 
lOOpps. The beam, which is coaxial with the receiver, is directed to the target by an 
azimuth-elevation mirror mount. The return beam is imaged on separate ranging and 
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tracking receivers. The ranging receiver is capable of measurements with range 
accuracies of ±15cm. 


3.5 SHORT RANGE MEASUREMENT SYSTEMS 

In the case of short-range measurements many techniques are used to measure the 
range. Some of them are 

1 . Interferometric technique 

2. Phase-shift measrement technique 

3. Optical triangulation method 

3.5.1 INTERFEROMETRIC TECHNIQUE 

This method is used to measiire small distances with high accuracy. The 
basic principle involved is to split a beam of monochromatic coherent light from a laser 
into two parts, and to bounce the beams around a bit and then recombine them with a 
screen, optical viewer, or sensor array. The beams will constructively, or destructively 
interfere with each other on a point-by-point basis depending on the net path length 
difference between. This will result in a pattern of light and dark fringes. If one of the 
beams is reflected from a mirror or comer reflector whose position is to be measxired 
precisely, then counting the passage of fringes can provide fairly accurate measurements. 
We review some methods with use some special techniques which are different from the 
commonly used interferometric techniques. 

One such system used a method for measuring distance larger than the 
wavelength of light with an interferometer using a laser diode [8]. This method uses the 
fact that the wavelength of the emitted light of a laser diode varies in proportion to the 
diode’s injection current. The phase difference between the two interfering beams varies 
due to the sinusoidal variation of wavelength. The variation of the phase difference is 
detected by optical heterodyne method. The magnitude of the variation is proportional to 
the measuring distance and the light wavelength shift. If the wavelength shift is known, a 
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distance larger than the wavelength can be obtained from measurement of the phase 
variation. This method may be thought of as a kind of multiwavelength interferometry 
using a single light source. Using this method they were able to measure ranges of the 
order of a few mm with an accuracy of a few microns. 

Another variation of the above technique was reported where a frequency 
modulated diode laser was used to measure ranges of the order of a few centimeters with 
a resolution of a few microns [46]. In Ref [8] it is shown that sinusoidal detuning of the 
laser wavelength yields an intereference signal proportional to 

A cos(27iAvt + InL^Xiy}) (3.3) 

In the present system Av is a difference frequency of 455kHz generated with two 
acousto-optic modulators. The periodic wavelength variation is denoted by AX, and X is 
the average wavelength. L is the optical path difference (OPD) in the interferometer that 
is to be measured. A phase comparator is used to measure the time-varying phase 
27 iLAX/X^ . This phase term is filtered with a bandpass filter whose center frequency is 
set to the nwdulation frequency of the wavelength modulation. The amplitude of the 
filtered periodic phase variation is measured, which is proportional to the OPD. Once AX 
and X are known, the absolute value of OPD can be determined. 

3.5.2 PHASESfflinr MEASUREMENT TECHNIQUE 

Range measurement can also be done by measuring phase shift between the 
transmitted and the received signals. One paper gave a technique using a frequency- 
modulated optical source. In this technique the light reflected by the target is coherently 
detected to obtain the frequency dependence of the round-trip optical phase shift. Laser 
diode was used both as a frequency tunable source and an optical-phase discriminator [9]. 

The distance from the laser to the reflective target L can be determined from the 
laser frequency deviation Af, which produces one full cycle of phase change in the light 
fed back into the laser from the target. The two quantities are related by the equation, 
Afr»c/2L, where c is the speed of light. The laser frequency is tuned by modulating the 
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laser-diode drive current. It is known that an increase in drive current shifts the laser 
emission to a slightly longer wavelength by increasing the laser cavity’s temperature and 
refractive index. The dependence of the reflected light’s phase on the source frequency is 
obtained by monitoring the laser diode output power while tuning the laser frequency. 
The external reflector effectively modulates the reflectance of the laser diode’s front 
facet. The reflective target and laser front facet form an external cavity of length L, where 
L is much larger than the optical length of the laser diode cavity. When subject to 
feedback from the target, the laser diode will lock to the external-cavity resonant 
frequency closest to the frequency at which the laser would operate without feedback. 
When the laser’s free-running frequency is tuned by modulating the diode drive current, 
mode hops occur at intervals of free-running frequency equal to the frequency difference 
between consecutive external cavity modes, c/2L. Range is determined by counting the 
number of mode hops N that result from a laser frequency deviation of magnitude AF. 
The distance to the target is given by L=Nc/2AF. The resolution in range is AL=c/2AF. 
For a laser frequency excursion of 50GHz, Al.=3mm. This method has been used to 
measure distances up to 1 .5m. 

3.5.3 OPTICAL TRIANGULATION METHOD 

This method is commonly used to measure the smaller distances in laboratories 
and even in 35mm cameras. It is based on trignometric principles and the measured 
distance is obtained by using the difference in angles of the line of sight from a source 
(LED/LASER) to the scene and back to a detector mounted a few centimeters away. As 
the distance is reduced, the angle increases. This is coupled to the lens focusing 
mechanism in a camera. The use of a well collimated laser would increase both the 
maximum useful distance and resolution of the system [10]. These techniques are used 
mainly for robotic applications. 

The dynamic implementation in the form of a laser scanner can actually be used 
to implement a 3-D profile measurement system. If a laser beam is scanned across a 3-D 
object, and the spot is viewed (by optical sensors) from two different locations, it is 
possible to determine the instantaneous distance to the spot (on the object). This can be 
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reduced down digitally (using a pair of slow CCD cameras) or in analog domain using 4- 
quadrant photo diodes. This method is generally used in factory automation, control 
systems and visible sensor in robots [22]. 

In the case of short range measurement^time-of-flight (TOP) method is also used. 
High resolution of the order one centimeter can be achieved by this method. The light 
reflected by the target is coherently detected to obtain the frequency dependence of the 
round trip optical phase shift. Considerable device simplification is achieved by using a 
laser diode as both the frequency tunable source and an optical phase discriminator 
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CHAPTER 4 


SYSTEM CONSroERATIONS OF LASER RANGE FENDERS 


While designing laser range finders one needs to consider many fetors based on the 

type of range measurement (long range/short range). The main system considerations are based 

on the selection of sources (transmitters), type of detectors (receivers), signal processing 

A 

equipment, and proper lens systems. The maik transmitter source for any meaningful range 
measurement is the laser source. The choice of a suitable laser source depends on available 
peak signal power output, type of waveform to be generated; (pulsed/CW), and the length of 
the pulse. The choice of transmitter also depends on whether the radar operates firom fixed land 
sites, mobile land vehicles, ships, aircraft or spacecraft. Other considerations include the size, 
weight, high-voltage. X-ray protection, modulation requirements, etc. Transmitter is a major 
part of a laser ranging system; hence its size,.; cost, reliability, maintainability are to be 
considered. 

The function of radar receiver is to detect the desired echo signals in the presence of 
noise, interference, or clutter. It must separate wanted signals firom unwanted, and an^lify the 
signal to the level where the target information can be extracted. The design of receiver 
depends not only on the type of echo to be detected, but also on the nature of noise, 
interference, and cluster echo’s with desired echo to compete. Maximum range requirements 
demands maximizing the signal to noise ratio at the output. Protection must be provided 
against overload or saturation, and bum out firom nearby interfering transmitters. Timing and 
reference signals are needed to properly extract the target information. The choice of detectors 
based on response time, sensitivity. The upper limit of the response time is determined by the 
range accuracy, and modulation band width of the received laser signal. 
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In this chapter we will consider various aspects of laser ranging systems including laser 
transmitters, detectors, atmospheric transmission, electronic circuitry, optics, etc. 


4.1 ATMOSPHERIC PROPAGATION 

When we transmit the light pulse to a particular direction the reflected echo signal is not 
the same as the transmitted one as it reaches the receiver, because it underwent many changes. 
The propagation of the signal is affected by change in refraction caused by an inhomogeneous 
atmosphere and attenuation by the gases constituting the atmosphere. It is also affected by 
other external noise sources, viz. solar, cosmic, u.v radiation, etc. Some of these factors 
affecting the signal propagation is discussed here. 

41.1 ATTENUATION: [21 

The transmission factor for the two way path to and from a target at distance R is given 
by R= exp (-2kR), where k is the total absorption coefficient which is the sum of absorption 
and scattering contributions ka and ks; ka+ ks 

MOLECULAR ABSORPTION 

The spectral range of interest for laser range finding is limited by atmospheric 
absorption, at one end by ozone absorption below 300nm and at the other end by water vapour 
beyond 14pm. In between, the attenuation coefficient has an extremely complex variation with 
wavelength. There are windows available in the visible and near mfrared, in the 3-5 and 8- 
14pm bands. The contribution from molecular (Rayleigh) scattering is only about 0.01 km * for 
the Nd second harmonics and becomes negligible at longer wavelengths. 

SCATTERING AND ABSORPTION BY AEROSOLS 

Aerosols contributions can arise from solid particles (dusts, smokes etc) and droplets 
(hazes, mists, r ain, fog, snow, hail, etc). Water droplets may nucleate on solid particles as 
humidity rises so that the distinction between solid and liquid aerosols is not always 
completely clear cut. It is difficult to predict the fact that the atmospheric aerosol is rarely 
uniform over the relevant distances. 
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TURBULENCE 


The optical perfection and uniformity of the atmosphere are destroyed by the turbulent 
and convective motion of air masses with different temperatures which result in a non-uniform 
refractive index. The index variations are due to atmospheric temperature inhomogeneities. 
The spectral density distribution of spatial variations occur with the change in the refractive 
index. There are several significant effects created by atmospheric turbulence. They are beam 
steering, breakup of a beam intensity fluctuations, transfers phase fluctuations. Transverse 
phase variations at the receiver caused by turbulence on the return path can be significant in a 
heterodyne-system in setting a limit to useful receiver aperture size. 

Intensity fluctuations at the receiver plane arise because, as the turbulence evolves and 

^ A 

alters the refractive index structure along the path,' the blob pattern alters. These temporal 
variations have bandwidth of order v/(27tX,R)^^, where v transverse wind speed; with v=10m/s, 
X = 1.06xl0‘^m(Nd laser) and R=5xl0^m, which comes out to about 55H 

4.2 TARGETS 

Here we consider two types of targets; a)co-operate targets, such as retro reflectors, 
and b)Non co-operative targets, such as trees, buildingi, vehicles, etc. Here we’ll consider the 
performance of the target on the basis of the returns at receiver input. The small divergence of 
a typical laser range finder beams means that targets often fill the beam. It is then useful to 
describe the magnitude of back-scattered return from a plane surfoce in terms of an effective 
lambertian diffuse reflectivity s, which is the return strength relative to that from a target which 
scatters 100% of the incident radiation with an angular distribution obeying Lambert’s law. 
The quantity s varies with angle of incidence with respect to a particular surface. The back- 
scattered radiant intensity is provided by a surfoce with lambertian diffuse reflectivity s(6), 
when illuminated at an angle 0 to its normal by a radiant flux of (j) watts, is then I=((}>scos0)/k 
watts per steradian. Thus, if a plane surfece at range R is illuminated normally by a laser of 
power <j), the average power collected by a receiver of area Ar is given by Pr =[<j)EAr/7tR^ exp 
(-2kR)], where the last term takes account of atmospheric extinction. For all this power to 
reach the detector, the field of view of the receiver has to be large enough to cover the 
illuminated area (i.e. has to be at least as large as the transmitter field of view). If the diffusely 
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reflecting target of area A does not fill the beam, the above expression must be multiplied by a 
factor (4 A)/(itR^ 6^), where it has been assumed that the transmitter power is uniformly 
distributed over a cone with foil cone angle 0. 

The diffused reflectivities of rough targets depends on the constitution and wavelength 
and to a lesser extent on the angle of incidence They can vary widely on smooth smfoces 
which shows a marked variation with angle of incidence, being high near the specular 
condition and low away from it. The returns from non planar targets can in principle be 
obtained by integrating the effects of the inclined constituents. Measured returns are, however, 
often expressed in terms of an s that would apply if on the target illuminated were normal to 
the incident beam [3]. 

Retro-reflective targets are usually formed from comer cubes, Le. three mutually 
perpendicular reflecting surfaces that have the property of returning incident rays back parallel 
to their incident direction. A small perfect retro-reflector presenting a circular area A’ to the 
incident radiation returns a perfectly flat incident wavefront distributed over a diffraction - 
limited solid angle of order 4XVA’. 

There is a vast difference between non-cooperative and cooperative (retro-reflective) 
targets. For example if a retro-reflective area of 10'^ m^, behaves perfectly, it would return 
incident radiation of 1-pm wavelength, over a solid angle of ~4*10'^° steradian, whereas a 
100% Lambertian reflector at normal incidence would give a backscattered intensity 
corresponding to distributing the radiation uniformly over n steradian. An equal area of the 
retro-reflector thus gives 10^° more return signal. Array of retro-reflectors are often used to 
give omni-directional effectiveness and/or to increase the strength of the reflection. 

4.2.1 SPECKLE EFFECTS (SIGNAL FLUCTUATIONS) 

A consequence of the monocromatic nature of the laser emission is that, there are 
usually effects due to interference between the radiation scattered by different parts of the 
target. A diffusely scattering target is often modelled as an array of random phase scatters, and 
intensity at the receiver plane is non-uniform, forming a random pattern, called speckle blobs. 
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Speckle phenomenon is that, at the receiver plane, the amplitude at any point is a sample from 
a random process, namely, the sum of the large number of contributions from the scattererers, 
each contribution having a random phase and amplitude. The probability distribution of the 
amplitude is Gaussian. As the point of observation in the receiver plane is altered, the major 
effect is that the phase of the individual contributions alter; the resultant sum therefore 
changes. The displacement needed to chaise the intensity and phase significantly is the scale 
size A of the speckle-blob pattern, and is given by A-XRTD, where D is the diameter of the 
illuminated area, assumed to be circular. 

If the target surface moves, so as to either change the area illuminated or to change the 
relative phase of returns from different parts, the speckle pattern will also change. The time 
taken for the pattern to change significantly is the coherence time of the return, and significant 
in waveform design because long transmitted waveforms conqjared with the coherence time 
will be corrupted and ideal processing of detector output will be impossible (heterodyne 
detection cases only). If the target has a finite depth and the laser transmitter has sufficiently 
broad bandwidth, speckle fluctuations will be averaged. This often occurs for solid state lasers 
with typical natural targets. 

4.3 RECEIVERS 

The function of radar receiver is to detect desired echo signals in the presence of noise, 
interference or clutter. It must separate wanted from unwanted signals, and amplify the wanted 
signals to a level where target information can be extracted. The design of a radar receiver not 
only depends on the type of waveform to be detected but also on the nature of the noise, 
interference, and clutter echoes in which the desired signal must compete. Here in optical range 
finders we have to consider so many factors while designing a radar receiver. The perfijrmance 
of the receiver also depends on the proper choice of optical lens system, type of detectors and 
further amplification stages. 

4.3.1 OPTICAL DESIGN 

In the case of laser range finders the design of lens system plays an important role. 
Usually lens or mirror system will concentrate the incident radiation on to a photodetector. The 
receiver field of view and entrance aperture size will be an important design feature. For a 
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direct detection system, the field of view of the receiver is set by the detector size d and the 
focal length ‘f of the optical system, which leads to an angular field of view 0==d/f. For a 
heterodyne system, the field of view is limited by a need for the aperture to gather in-phase 
contributions ftorn all parts and mix them with the local oscillator, which leads to an angular 
field of view 0~MD, where D is the aperture diameter. 

4.3.2 PHOTODETECTORS 

The choice of photo detector depends mainly on the two factors, viz. the response time 
and the sensitivity of the receiver system. The upper limit of the permissible response time is 
determined by the accuracy required and/or the modulation bandwidth of the receiver signal. 
The response times in the range 1-100 nano seconds are generally requireji^. Two types of 
detectors have been generally used. Photo cathodes (photo sensitive element in a photo 
multiplier), where the photo electrons are ejected into vacuum, and the photodiodes or photo 
conductors, where photo electrons are generated internally in a semiconductor. We need high 
value of quantum efficiency, defined as the number of photoelectrons produced for incident 
quantum of radiation. The response time of photo cathodes fells of rather sharply as the 
wavelength increases so that the sensitivity fells at the red end of the spectrunL In the case of 
semiconductor detectors, the excitation of the photoelectrons from iiiipurities in the 
semiconductor (Si,Ge). The more useful se mi conductor internal photo excitation mode now 
appears to be excitation of carriers from valance band to conduction band. This implies that the 
spectral sensitivity of the device is set by the band gap of the semiconductor. Hence generally 
detection material is chosen in such a way that to have small energy band gap. 

The photo multipliers (where the photo cathode is conveniently combined with low 
noise, high gain amplification ) are generally used in ruby, Nd:YAG, CO 2 laser range finders. 
Silicon photodiodes or avalanche photodiodes (where the internal gain is provided by the 
electron-hole avalanche multiplication in the high field of the reverse biased PN junction) are 
generally used in GaAs laser range finders. 


4.3.3 NOISE SOURCES 
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The main sources of noise present in the receivers are the intemaliy generated (dark 
current noise ) and the externally generated (background radiation ) ones. The principal 
random noise present in the output current of a photoemissive diode are the shot noise of the 
dark current and the photon noise due to incoming radiation signals. Both the noises are 
observed in the output current of the photo emissive surface and are indistinguisha ble if the 
photon amval is random. Shot noise is due to fluctuations in the temperature-limited 
thermionic emission process and its magnitude is determined by the cathode material, area, and 
temperature. Photon noise is defined as the noise in the output current due to fluctuations in the 
rate by which radiation quanta acts on the photo cathode. It is the net effect of tibe fluctuations 
in both the incident power and emitted electrons [24]. When the quantum efficiency is less than 
unity, the random fluctuation in incident backgroimd radiation are negligible compared to 
those of the photoelectric emission process. 

Dark current: The dark current is due to thermionic emission of the photo cathode. 
The total current is a function of the cathode area, work function and cathode temperature. If 
the cathode is cooled at 0°K and there is no background radiation, the detectivity of detector 
will be restricted only by the quantum efficienc^^no matter whether the detection is coherent or 
non-coherent. 

Background radiation: Any non laser radiation reaching the detector by scattering 
or reflection firom the target, or from the intervening atmospheric path can also produce 
detector noise. This will be particularly significant for a sensitive detector system, in the visible 
or near visible range, where bulk of solar power arrives, and it may be desirable to limit solar 
radiation by a filter passing through a laser line. Sensitivity of the detector system is better in 
night than the day time. The total radiation from the entire sky on the earth is 10'^° W/ cm^; 
and the total solar radiation on the earth is 13w/cm^ , whereas the reflected radiation from the 
moon is approximately 10”^ or less [24], For a detector sensitive to CO 2 laser radiation, the 
significant background radiation will be thermal (black body) and not the scattered sunlight. It 
is often reduced by the proper cooling system. Laser radiation backscattered from the 
atmosphere is an important source of noise at short ranges. 
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Other noise sources: The signal power output coupled from the photomixing 
device should be greater than the noise power of succeeding amplifiers or RF mixers. If the 
coupling is inefficient considerable amount of signal power may be lost. Thus it is desirable to 
have some fr)nn of gain between the photo cathode and the output coupling. The commonly 
used method is secondary emission multiplication. However this can increase the noise level 

4.4 PULSE INTEGRATION 

Generally most range finders use only a single transmitted pulse. Signal to noise ratio 
can be improved by integrating many pulses. It is generally used in moon/ satellite range 
finders which uses high pulse repetition rate and CO 2 lasers and also for low power GaAs laser 
range finders. 

4.5 CHOICE OF TRANSMITTER WAVEFORM 

Transmitter waveform has to be properly chosen as per the requirements of the target of 

interst. 

4 .5.1 RANGE FINDERS USING NATURAL TARGETS. PULSED 
SOURCES AND DIRECT DETECTION 

The optical depth of natural targets (trees, buildings, at possible oblique incidence) is in 
the range of a few meters. This sets a limit to the accuracy that is useful and thus sets a lower 
limit to useful pulse length, of order 25ns. This length of pulse fits well with those provided by 
Q-switched solid state lasers or gain switched gas lasers. 

Even if the accuracy requirement were relaxed, there is an energy advantage in keeping 
to as a short a pulse as the detector will handle. This is generally useful in a receiver that 
detects individually photo-events (e.g. a photo multiplier ). If a weak return from random 
counts due to noise background etc. the photo events from the return are concentrated in to the 
smallest possible time interval, they will have a maximum statistical significance compared 
with background photo events, especially when the probability of a background event in the 
time interval becomes very small. For a receiver incapable of detecting individual photo 
events, it is advantageous to compress the available energy into the shortest pulse. 
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4.5.2 LUNAR RANGE FINDERS USING RETRO REFLECTORS.PULSED 
SOURCES AND DIRECT DETECTION: 

In lunar range finders returns are weak but precision is more important. Target optical 
depth is now in the range of small fractions of a meter, so that pulses of order Ins and available 
energy are useful. System design thxis requires fest efficient, low noise detectors (High speed 
photo multipliers) combined with very short laser pulses in the visible regioa The time 
available for measurement permits integration over many pulses. 

4.5.3 SURVEYING INSTRUMENTS USING RETRO REFLECTORS. 
MODULATED CW SOURCES ANP DIRECT DETECTION: 

In these range finders the prime aim is accuracy. The use of retro reflectors provides 
not only a precise target distance, but makes signal strength a secondary problem (at least upto 
several km range). Measurement speed is also a secondary consideratioa The precision 
attainable in phase measurement accurate to with in 0.1% of 271 phase at 50MHz 
(corresponding to 3mm range uncertainty), corresponds to a timing accuracy of 20 ps, which 
would clearly be difficult to attain by the direct measurement because detector response times 
are usually inadequate. The advantage in energy terms of long duration transmission for direct 
detection systems are limited hence high accuracy is obtained with modulated wave forms 
lasting many seconds. 


4.6 HETERODYNE DETECTION SYSTEMS 

In a heterodyne detection system the signal electrical power emerging from the detector 
is proportional to the optical signal power incident on the detector.(for direct detection the 
signal amplitude at detector output is proportional to incident optical power).The implications 
for transmitter waveform design are similar to those for micro wave radar, where heterodyne 
detection is the normal receiver technique: provided that the receiver has a matched filter 
(designed to detect optimally a weak signal with known wave form in white noise),then the 
detectability of the signal is determined by the signal energy, and the waveform duration and 
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modulation are immaterial in the optical heterodyne case. The probabilistic nature of the photo 
detection process makes this result only an approximation, but it is a reasonable guide for the 
important case of the CO2 laser heterodyne receiver, where individual photo-events are not 
discernible . 


An important difference between the optical and microwave cases is that Doppler 
frequencies fD= 2 v/?. are vastly larger in the optical case, if different parts of the target have 
different velocities, they cause different Doppler shifts and time dependent interference effects 
occur ,so that the total return wave form is different from the transmitted, and it is said to be 
loss of temporal coherence. So the length of the pulse should be proper value if it less than the 

required value, the signal processing efficiency fall off, hence there is an upper limit on pulse 

* 

duration. However, if pulse duration is kept below this coherence time, there is a considerable 
choice of transmitter waveforms .The choice is limited by the availability of frequency stable 
laser sources. In practice only concerned with CO2 lasers and the choice between pulses from 
the pulse excited TEA lasers and modulated waveforms derived from CW lasers Here the 
range accuracy is determined by the frequency bandwidth of the pulse. Hence higher accuracy 
can therefore be obtained by a long duration pulse with high bandwidth frequency modulation. 

The return pulse will be Doppler shifted when the target has nonzero radial velocity. 
The range of moving target is obtained by the Doppler frequency shift. By use of modem 
signal processing techniques return with unknown Doppler shift is obtained by the proper 
choice of transmitted waveform. The need to cope with Doppler shifts is therefore an important 
factor in system design. 

For an efficient signal processing, a simple un modulated pulse of duration t would 
require a bank of Doppler filters covering the range of expected Doppler shifts and each having 
a band width about l/x. For a pulse with linear frequency modulation (i.e. “chirp”pulse), 
obtained by modulating a CW laser, one would select a pulse as long as possible (approaching 
the coherence time limit) to maximize energy transmission; range accuracy would be 
determined by frequency swing. The major effect of Doppler shifts well below the pul^ width 
which can be handled in a single channel (pulse compressor), is to produced a range error. If 
lire range error is unacceptable, it is possible to determine the range and target Doppler bj 



combining the result from Up-chirp & down chirp transmissions (which produce errors of 
opposite signs.)[5] 

4.7 LASER EYE HAZARDS 

The human eye transmits comparitily well from 450- 1150 nanometers. At 
1200nm the transmission has fallen to ~10%, and beyond 1400 nm it becomes extremely small. 
Therefore the short wavelength lasers (Nd, GaAs, ruby, doubled-Nd) have a low eye damage 
threshold energies (or powers), because the radiation is focussed on the retina, ^r single Q- 
switched pulses incident on the eye, for ruby lasers it is 5xlO’^J cm’^ and for neodymium lasers 
it is 5x 10 J cm . For holrmum and CO 2 lasers the radiation does not reach the retina and the 
corresponding single Q-switched - pulsed protection standard is 1x10'^ J cm'^ , i.e. it is a factor 
of 2x 1 0 ■"* higher than for a neodymium pulse. 

4.7.1 Eve safe systems 

Eye safe systems are very important where there is a possibility that the radiation might 
fall on human beings. This is especially important while using Nd:YAG based systems and 
GaAs systems which are popular in military applications. 


4.8 SIGNAL AVERAGING TECHNIQUES 

These techniques are aimed at improving the signal to noise ratio simply by reducing 
the noise accompanying the signal. There are two basic ways of doing this. 

4.8.1 BAND WIDTH REDUCTION 

Here the noise is reduced by reducing the system noise bandwidth (Bn). This approach 
works well if the frequency spectrum of the noise signal do not overlap significantly, so that 
reducing the bandwidth does not effect the signal. With random white noise output noise is 
proportional to VBn. 
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4.8.2 AVERAGING OR INTEGRATING TECHNTOTTF 

In this technique successive samples of the signal are synchronized and added 
together. The signal will grow as the number (N) of added samples; while the random 
white noise grow as Vn. In many applications, there is a significant overlap between the 
signal and noise spectra and improving a signal to noise ratio must be done at the expense 
of the response time, or measurement time (T). With random white noise interference the 
output signal to noise ratio is proportional to VT. The bandwidth reduction technique is 
best from frequency domain point of view; while signal averaging and correlation 
techniques are best from time domain analysis viewpoint. 

The signal averaging may be either single-point or multipoint. The boxcar 
integrator is is an example of a single pniht averager; where it samples each signal 
occurrence (sweep) only once. A multi point signal averager is like a large number of 
boxcars connected in parallel, since its samples many points (typically 2‘*’=1024) during 
each signal sweep. In this case the analog storage capacity of the boxcar is replaced by a 
digital memory. The incoming (input) signal is first sampled and digitized and new data 
are added to the data from previous sweeps already in the memory location 
corresponding to that sampling point. The functional block diagram of a signal averager 
is shown in Fig 4.1. 

Basic concept of this technique is described below. First consider the typical 
waveforms and timing details for a multi-point averager as shown in Fig 4.2. For example 
if 1=10, then only 10 samples or sweep are shown. The total signal duration (T) is given 
by the product of the number of samples or sweep (I) and the dwell time (gate width of 
sampling duration, tg ) of each sample. Here T is less than the total sweep duration (t) by 
the dead time (td), and there is usually a fixed time between the receipt of a trigger pulse 
and the beginning of the first sample. In many applications, the multi-point averager is 
triggered at a constant rate (f=l/T). It is not necessary that the trigger be periodic. Assume 
that the averager is set to continue averaging until all input sweeps have been sampled, at 
which point it will automatically stop. Suppose we wish to recover the wave form of a 
noisy signal, f(t), where 
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• Multipoint averaging f4-fl 


/(/) = . y(/)+/7(/) (4 1) 



Fig4. 1 : Basic block diagram of a signal averager 

For the rth sample of the Ath sweep, 

fit ) = fitk + + //g )+ n{t, +itj (4.2) 

For any particular sample point (i) the input signal can be assumed to unchanged with 

each new value of k (i.e. with each new sweep ) and the averaged signal will therefore be 
simply 
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^ f \ 

(4.3) 

For random noise, samples (Xi) will add vectorially so that the r.m.s. value (0) of the 
average noise will be given by 




(. 4 . 4 ) 


The averager output can be described by 

g(‘t +>'j)='«4{'(s)+o'Vm 


-( 4 . 5 ) 




so lhal the output SNR is 


crxrr. ^our ^ ■ r~ 

SNK,„ =~ = ■ 

/V„„, a^|m o- 


-( 4 . 6 ) 


The input SNR is simply 
OTR,.=4Yj/<r 


( 4 . 7 ) 


SO that the SNR improvement is given by 

= = 

SNR,„ 


( 4 . 8 ) 


When we see the response of multi-point averager, linear summation mode of averaging 
has been assumed. That is, for the ith memory location, the average after m sweep is 
given by 
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( 4 . 9 ) 


^ = I k^\ 

where Ik=f(tk+itg) is the value of the rth sample in the kth sweep. 

During each sweep the data (Ak-i) in each memory location are compared with the 
new sample value Ik and the computed value of the (Ik“Ak.i)/k is added to memory to 
form the new average value Ak. Because of practical difficulties in implementing a 
division by k during or after each sweep , the algorithm shown in the equation (4.10) can 
be approximated as 

( 4 . 10 ) 

^ k I X 

= + ( 4 . 11 ) 


Where J is a positive integer selected automatically such that 2^ is the closest 
approximation to k. By proper selection of J value the noise signal shrinks with time. 
Hence it provides a stable constant amplitude display; the larger the value of J selected, 
the greater the signal enhancement and more slowly the average response to the change in 
the input signal. For large number of sweeps, SNIR is given by 


SNIR » 


( 4 . 12 ) 



CHAPTER 5 


HARDWARE IMPLEMENTATION OF LASER 
RANGE FINDER SUBSYSTEMS 

An attempt has been made to implement some subsystems of a laser range 
tinder, viz. transmitter, receiver, and digital signal averager. These subsystems are briefly 
described below. 

. . A 

5.1 HARDWARE IMPLEMENTATION OF A DIGTTAL SIGNAL 
AVERAGER 

The function of this subsystem is to collect the successive samples of the signal, 
synchronize them and add them together. The signal will grow as the number N of the 
added samples; with the random white noise the noise growing as Vn. 

, The main experimental part of the study has been aimed at designing and testing a 
suitable Digital signal averager scheme with the available hardware. The basic block 
diagram of the implemented signal averager is shown in Fig.5.1. The input signal to the 
analog-to-digital converter (ADC) which is coming from the receiver is embedded with 
noise. In order to extract the signal from noise a form of pulse integration technique is 
used. Here signal characteristics are deterministic (repetitive) while the noise is random 
.If the large number of data samples are averaged, the random noise will average to zero, 
while the repetitive signal will converge to its mean value. Here instead of averting the 
signal, the signal and noise were summed together. Hence the noise will add up to a 
certain value instead of the noise averaging to zero. 

The input signal i.s first sampled, digitized and stored in the (RAM) memory, bin 
after bin. Wc considered the signal over 256 bins (or digital windows), with bin 0 
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Fig 5.2: Main Circuit Diagram of Signal Averager. 








eorresponding to the time frame of the transmitted pulse and bin 255 to the farthest target. 
A special timing circuitry was designed to ensure proper synchronization of the various 
bins. The signal corresponding to each bin was presented to the ADC and its output was 
added to the previous data stored in the RAM. This new value was then presented to a 
di^itul'to-analog converter (DAC) and also stored in the location of RAM corresponding 
to that bin. The DAC output was displayed on a CRO. With proper external triggering of 
the oscilloscope the CRO displays all the bins from 0 to 255. It was expected that in N 
such scans, each scan covering bins 0 to 255, the noise would settle to a certain mean 
value while the wanted signal will add up and will be seen prominently in the display. In 
order to maintain proper synchronization at all the stages of the signal averager, proper 
timing and control circuit must be done. The main circuit of the above scheme is shown 
in Fig.5.2. 

5.1.1 SYSTEM TIMING AND CONTROL SIGNAL GENERATORS 

This is one of the most crucial part of the signal averager and hence care should 
be taken in the design and implementation of this block. The timing and control signal 
generator is based on a few counters, which keep track of the current bin and its timing. 
Block schemat ics of these counters is shown m Fig.5.3. 



l 'ig.5.3 Block diagram of the main counters 
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The basic counter in the above counter chain is the mod-6 (divide-by-six) counter. 
This counter is designed as a cascade of mod-3 and mod-2 for simplicity and was 
implemented using three, 74S112 dual negative edge triggered JK-flip-flops. Circuit 
diagram of this counter is shown in Fig. 5.4. As a result of the above cascading the six 
sequence of states of the counter are (Q 2 Q, Qo); 000, 001, 010, 100, 101, and 1 10, where 
Q 2 is the MSB and Qo is the LSB. The operation in each bin, such as digitizing the signal, 
adding the samples, storing the added value in the RAM and outputting the latest bin 
value to the DAC, were all derived by decoding individual states of this counter. These 
are explained in later sections. The main bottle-neck in the whole averager had been the 
ADC which had a typical conversion time of 15-18ps. The timing diagram of the ADC 
used in our scheme is shown in Fig.5.5sl The main signal s of the ADC are ^ and 
BUS\ , wiici c the lirsl two arc input control signals and the third one a status output. The 
ADC starts digitizing with CS=Q and RD=\, which is called the ‘Convert cycle of the 
ADC’. This is indicated by a ‘0’ level on the BUSY output of the ADC. Once the 
conversion is over the contents of the ADC registers may be read by issuing CS =0 and 
RD=0. 1’his is termed the ‘Read cycle of the ADC’. It is important that the read cycle is 
initiated only alter the BUSY output goes HIGH, thereby indicating that the conversion 
is over. This was ensured by choosing an input clock (CLK) frequency of 200 kHz (i.e a 
period of 5ps) for the mod-6 counter and deriving the read cycle signals from the counter 
well after the conversion period. With the above clock frequency the total time for 
available per bin was 30ps (=6X5ps). Out of this 25ps was reserved for the ADC and the 
remaining 5ps for all the other operations put together. 

I'he control signals for the ADC as shown in Fig and it is generated by the 
mod-6 counter as shown in Fig 5.6. Timing sequence of the ADC control signals are 
shown in Fig.5.7. As seen in Fig.5.6, the two CS signals for the ADC, one for the 
convert cycle and one for the read cycle, are decoded using 7410 3-input NAND gates. 
The.sc two decoded signals are combined using a 7408 AND gate which is applied to the 
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CS pin of the ADC. The relative timing of the BUSY with respect to the ADC control 
signals is indicated in Fig.5.7. 



Fig.5.6 Decoding of the ADC timing signals 
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[■ig.5.7 Timing sequence of ADC signals 
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5.1.2 AD 574 ADC AND ADDER 

In the signal averaging design, the input signal coming from the receiver is fed to 
the analog input terminals of the ADC. The ADC is used in our work was AD7574. It has 

two input control signals CS and RD (Chip Select & Read). The chip select is decoded 
device address. These two inputs control all ADC operations such as starting of 
conversion and reading the data. The ADC output data bits use three state logic, allow'ing 
the direct connection to microprocessor data bus and system bus. In our case the ADC 

outputs were fed to an adder. Decoded timing signals of CS and RD were shown in 
Fig.5.7. When the timing sequence of CS and RD are proper, the ADC will 
automatically generate BUSY (output) signal. The truth table of ADC interface with 
RAM as shown. BUSY must be HIGH before a data read is attempted: i.e. the total delav 
between a convert start and data read must be atleast as great as the AD7574 conversion 
time (typically 15ps). Once BUSY signal goes HIGH conversion is completed. If RD 
goes from LOW to HIGH, when CS is LOW, the ADC is internally reset and the ADC 
data is lost. Hence, before, RD goes from LOW to HIGH the data (output of ADC) 
should be collected in a 8-bit latch. We used a 74F377 8-bit latch for this purpose which 
used the RD signal of ADC as a clock signal. 74F377 is a fast logic octal D Flip-flop 
with enable input and tri-state control. 

The AD7574 has an internal asynchronous clock oscillator, which starts upon the 
receipt of start-convert command and cease oscillation when conversion is complete. It 
requires an external R and C components for a nominal conversion time of ISps. R, C 
used were R=120K, C=100pF. AD7574 can be operated in both unipolar and bipolar 
modes. For unipolar operation the supply voltage is +5Vand Vref is -lOV. For best results 
is necessa’-y to adjust the gain and offset control. 

The data output (ADC output) DBoto DB? were connected through the 8-bit latch, 
to the ‘A’-inputs of a 8-bit Adder, obtained by cascading two 4-bit adders, 74LS83. The 
other set of inputs of the adder (‘B’ inputs) are taken from the output of the RAM. The 8 
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bit output of the adder is first loaded into another 8-bit octal latch (74F377) and then 
connected to a tri-state octal buffer (74244). The clock signal for octal latch at the adder 

output is the complement of the WR signal used for the RAM, while the OE (output 
enable) input for the trrstate buffer is the same as WR. Generation of WR and other 
RAM signals are explained later. The output of the adder through the octal latch and tri- 
state buffer is connected both to the RAM data input and the DAC input. 

5.1.3 STORING OF ADDED DATA IN MEMORY (RAM) 

For our study we used the 61 16, 2K x 8bit RAM. This RAM has 1 1 address lines 
(Ao-Au) and 8 data lines (D0-D7). This IC is specified to have a total access time of 
120ns and an output enable access time of 5€: 3. Even though 2K capacity was much 
more than what we needed, this RAM was used as it was readily available and had very 

low access times. The three signals controlling the various functions of this chip are RD 
CS and WR . When WR and CS are LOW it is m write mode, while when CS and RD 
are LOW it is in read mode. In our application we kept CS permanently LOW. The data 
from the adder was written into the RAM when WR of the RAM is LOW, which 
occurred during the last state of the mod-6 counter. As explained earlier WR signal is 
used in both the latch and buffer leading to the Ram, thereby ensuring that data for 
writing into the RAM from the adder is available during every WR signal. The RAM was 
put into read mode du ring the earlier states of the mod-6 coxmter, thereby ensuring that 
the B inputs of the adder have data ready when the data from the ADC islatched to the A 
inputs. It was necessary to hold the read data from the RAM in a regsiter, for which 
purpose another 74F377 octal latch was utilized, whose outputs were fed to the B input of 
the adder. This type of parallel operation enabled speeding up the averaging process. The 
detailed timing These are decoded from the timing and control signal generator. The 
timing sequence of the RAM control signals is shown in Fig.5.8. Derivation of the 
control signals for the RAM, latches and tri-state buffer is as follows. 
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Fig. 5.8:Timing sequence of RAM 
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The WR signal of RAM is decoded using a 7420 4-input NAND gate where a half 
cycle delay is provided using the clock because the data requires some settling time 
before it is written into the RAM. RD signal is decoded using a 7410 3-input NAND 
gate decoder. Each read and write operation should be done at the RAM location 
corresponding to the bin in question. For this purpose 8 bit counter was used which used 
the output of the MSB output of the mod -6 counter as the clock. This ensured bin 
addresses selections from 0 to 255 for each read and write operation. OnOjIn order to 
reset the RAM one way is switch of the power supply, other way is to load zero’s in all 
memory locations. This logic used for the generation of RD and WR signals is shown in 
Fig.5.9. In summary, the main data operations involving the RAM in every bin period are 

1. Keadmg the old data irom KAivi lo tne 'B mputs of tne adder 

2. Latching the data from to ADC to the ‘A’ inputs of the adder 

3. Adding of the data 

4. Writing the added data of the current bin into RAM 

5. Display the RAM contents on CRO 

6 . Get ready for the next bin 

When all the above operations are over, one cycle will be completed. 

5.1.4 CONVERSION OF DIGITAL DATA TO ANALOG SIGNAL 
AND DISPLAY 

The main element involved in displaying signal on a CRO is the DAC. AD558 
DAC was used in our study which was a microprocessor-compatible 8 -bit digital to 
analog counter. The output of DAC is available in one of the two voltages are ranges, viz. 
0-2.5v range or 0-1 Ov range. Correspondingly, the supply voltages required are 5V and 
15V, respectively. T his DAC has fast settling time and has an internal output amplifier 
and a precision voltage reference on a single monolithic chip. No external components or 
trims are required to interface with full accuracy from an 8 -bit data bus to an analog 
system. The reference voltage is -10 volts. In our case, the data inputs (D 0 -D 7 ) were 
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connected from the 8-bit adder outputs through an 8-bit latch and the tr-state buffer. The 
DAC converts the TTL level digital inputs into the corresponding analog output. It has 

two control signals, viz. CS and CE, corresponding to chip select and chip enable, 
respectively. In our case since the DAC inputs vvere connected to the latched outputs of 
RAM and hence the CS and CE inputs were permanently enabled by making them 
LOW. The output of the DAC was directly connected to the CRO. 

5.1.5 SELECTION OF ADDRESS LINES (ADDRESS COUNTER) 

An 8-bit address counter was used which provided the correct bin address during 
each cycle. 74F779 IC was used for this purpose which had 8-bit s3mchronous 
UP/DOWN counter built in a single chip and had a fpaximum operating frequency of 145 
MHz with a typical supply current of 90 mA. This counter outputs were connected to the 
address lines of 6116 RAM. The input clock signal for this counter came from the MSB 
(Q2 output) of the mod-6 timing and control generator. For each positive going edge of 
the clock the coimter will increment in bfrary form from 0 to 255. tk)unt up operation 
was required in our case and hence the control signals are set as follows; SI input -HIGH, 
SO input -LOW, and ^ -LOW. Timing diagram of this counter is shown in Fig 5.10. 



l'ig.5.10;Timing sequence of the address counter 
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5.1.6 CONTROLLING OF NO OF SCANS (SCANNING COUNTER) 

The main aim of the implemented signal averager was to improve the signal-to- 
noise ratio by increasing the number of measurement scans, N. Hence it is important to 
have a facility to control N. This was implemented in our system using a scan counter, 
which could keep track of scans up to 255. The measurement cycles could stopped after a 
given number of scans N, by decoding N at the scan counter outs and stopping further 
input acquistion and data processing. Detailed circuit diagram of the scan counter 
implementation is shown in Fig.5.1 1. Our 8-bit counter was implemented using two 4-bit 
synchronous counters, 74161 ICs, which had asynchronous clear facility. The clock input 
to this counter is obtained fi'om the Q? output of the address counter (07 is used as the 
clock of the scan counter to ensure that the scan counts are updated at the end of every 
scan. For each positive going clock edge 07 the counter will increment from 0 to 255. 
The required number of scans, N, was decoded using an 8-input NAND gate (7430). 
Thus it was possible to choose any value of N from 1 to 255. In our case measurements 
were taken for N=127. To disable the averaging of data and storing them beyond N, a 
special circuitry was made using 74S112 JK flip-flop and 7432 2-input OR gate. The JK 
flip-flop was initially cleared by making the input CLR =LOW. The WR signal applied to 
the RAM was routed through the 7432 OR gate ensuring normal write operations till up 
to the specified N. Once the number of scans equals N, the decoder output which is used 
as the clock for the flip-flop sets it thereby making WR =HIGH. This disables any further 
writes to the RAM. However, the DAC circuit which gets its input from the read outputs 
of the RAM is not affected as the read operations of the RAM are not disturbed. Normal 
scanning of data can be restarted by clearing the above 74S112 flip-flop and the scan 
coxinter. 

We also incorporated a scan counter using 74F779 8-bit counter, which had the 
advantage that 8-bit operation was possible using a single chip. However, this IC had no 
asynchronous clear facility. Hence it was not possible to clear its contents, if rescanning 
of received signal is desired. 
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5.2 INPUT SIGNAL GENERATION 


As mentioned earlier, it was not possible to test the signal averager using real 
echo signals from targets. Hence in order to test the signal averaging scheme it was 
necessary to generate signals which resembled typical target signals. For this purpose a 
few states of the RAM address counter were decoded as shown in Fig 5.12. The input 
signal used had a nominal width of about 120p.s, corresponding to four bin periods. For 
convenience bin periods 124-127 were decoded, differentiated, and suitably attenuated 
before applying to the ADC input. A small capacitor was put at the emitter follower 
output to reduce spikes before applying to the ADC. Decoding was done using 7430 8- 
input NAND gate. In order to see the DAC output clearly on a CRO, i.e to display signal 
corresponding to bin 0 at the extreme left, Q7 output of the address counter was used as 
the external trigger for the CRO. With our hardware implementation, signal build up was 
observed on the CRO at the locations corresponding to the bins mentioned above. 



Coxxn'H.'i''. 


Fig.5.12 Generation of input signal 



5.3 CLEARING THE RAM DATA 

Sometimes it is necessary to clear the RAM, because if the signal and background 
pickup and other noise keep adding up after many scans the RAM data will be erroneous 
due to addition beyond the maximum upper limit (in this case 255 units). Also, at times it 
is necessary to clear the RAM data and start acquiring new data. A crude way of 
achieving this is to switch off the supply to the RAM for. some period which would 
destroy the stored contents. However, there is no guarantee that when power is applied 
back to the 61 16 static RAM all the memory locations are cleared. Hence a special RAM 
clearing circuit was designed, which is shown in Fig.5.13. Here two tri-state buffers are 
connected in parallel, one buffer carrying the actual data (output of adder through latch.) 
and the other with all inputs wired to LOW. At a time only one of the above buffers gets 
selected. The selection logic was controlled by a flip-flop (74S112) and logic gates 

(7432). The 7432 OR gates receive JVJi signals at one input and HIGH or LOW, at the 
other input depending on the state of the flip-flop. In the normal mode, Pi?=LOW, 
CLR =HIGH. This will force the buffer with all LOW at its inputs to be in tri-state, while 
the other buffer will be able to pass the latched adder outputs to the RAM inputs. When 
the RAM is to be cleared, by changing the manual switch position, the flip-flop output is 
cleared, Le. FR =HIGH and CZF =LOW. This will block normal data and pass on all 
zeroes the inputs of RAM, thus clearing the RAM. Normal operation is restored by 
changing the switch position back to the original one, i.e FF =LOW, CZF =HIGH. 

5.4 HARDWARE IMPLEMENTATION OF SUBSECTIONS 
(TRANSMITTER AND RECEIVER ) 

WTiile designing a laser range finder the design of transmitter (laser source) and 
receiver plays an important role. A particular choice is based on many factors, which 
were discussed earlier. 

Our system assumed a GaAs semiconductor laser diode as the source and a silicon device 
(PIN/APD) as the detector. Since the laser diode will be used in pulsed mode we thought 


53 



WR (from 7420 decoder; 


G CO 
O O 

G 

£ -S 

^ T3 3 
73 O 

Uo 
<C < 



Fig 5.13 Circuit Diagram of Clearing the RAM data 








of using a simple circuit making use of TTL line drivers (74S140). The current through a 
laser diode has two components, a fixed bias current (Ibias) and a varying modulation 
current (Imod). 


The proper selection of drive circuit is important to be able to modulate the laser 
with short length pulses. In order to minimize the tum-on delay it is important to keep the 
dc bias current close to the lasing threshold of the device. A simple optical transmitter 
using a LED (light emitting diode) as the source is shown Fig.5.14. It is possible to 
modify the above circuit for laser diode applications by connecting a suitable resistor 
fi’om the cathode to ground. This would ensure a constant bias current through the device. 
Laser transmitter was not implemented in oxflf study. The drive circuit of Fig.5.14 is 
designed by using TTL NAND drivers (74S140). It consists of two 4-input NAND 
drivers, each capable of supplying a current of 40 mA to the LED. By the parallel 
connection shown in the figure it was possible to drive 80ma of ON current through the 
LED. The LED used in our circuit is Motorola MFOE71. It has a specified power output 
of 3.5 mW at a driving current of about 100mA. Maximum forward voltage of the device 
was 1.8 V and its emission wavelength 820 nm. 

The above transmitter output was fed to a PIN photodiode based receiver shown 
in Fig. 5.15. It is a simple transimpedance amplifier using TL081 BIFET OP AMP. This 
opamp had a gam-bandwidth product of 51MHz. Depending on the output level and also 
response requirement the feedback resistor can be changed. A typical value of 15K was 
used in our case. The PIN photodiode used w'as Motorola MFOD71, which had a 
responsivity of 0.2A/W at 820nm. The above receiver circuit along with the LED 
transmitter worked up to IMHz. 

A different receiver circuit shown in Fig.5.16 was also implemented and tested. 
This circuit was used in an earlier work [53] and it used a JFET input stage to reduce 
noise. The LED transmitter circuit along with this receiver circuit were capable of 
transmitting square pulses up to 5 MHz. 
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Fig.5.14 LED transmitter circuit 
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Fig.5.15 Simple receiver circuit using PIN photodiode 
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CHAPTER 6 

DISCUSSION OF RESULTS, CONCLUSIONS AND 
SUGGESTION FOR FUTURE WORK 


The main objective of the thesis was to study commonly used laser range finders 
and to design a suitable signal averager for an optical range finder. Detailed study of the 
almost all the popular laser range finders reported till date was carried, out. It was found 
that there is no single laser finder which satisfy all the requirements of range, power, eye 
safety etc. Depending on the application in mind a suitable system has to be chosen and 
then optimised. 

Eye safety is a major consideration these days. Unfortunately some of the 
compact laser range finders, such as the NdrYAG and GaAs lasers have to be used with a 
lot of care as they emit wavelengths which falls within the sensitive range of the retina. 
The best option is such cases is to reduce the optical power output to meet the safety 
requirements and to increase the ever increasing demands for range and resolution by 
modern signal processing techniques. 

A digital signal averaging technique was studied and the feasibility of such 
schemes was explored by implementing it using commonly available hardware. The ADC 
used in the study had a best conversion time of 1 5ps, which was too large for any useful 
laser ranging application. However, the aim of the study has been to come up with a 
practical scheme of signal averaging which could be implemented. ADCs with 
conversion times less than 15ps are very expensive. If fast ADCs are available the 
averaging technique studied could be tested with real ranging signals. The total time 
taken by the blocks other than the ADC was <1 ps. 
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The signal improvement observable on the CRO was not as expected. This is due 
to the fact that the hardware implementahon of the signal averaging • scheme was quite 
complex involving several SSI, MSI and LSI chips. The noise picked up by the different 
parts of the averager resulted in some unexpected noise samples, which were clearly 
visible on the CRO. 

SUGGESTIONS FOR FUTRE WORK 

Any further improvement to the averager scheme studied as part of the present 
work will involve extensive hardware. This hardware approach though faster has the 
disadvantage that it is inflexible and a small change to the scheme needs many hardware 
changes. At present several fast signal processors (Intel and Motorola families) are 
available, with clock rates in excess of 30MHz. Such processors are sold by both Intel 
and Motorola with evaluation modules which are equipped with some monitor program 
and some facility for interfacing. It is suggested that the signal averaging scheme should 
be implemented using such signal processor ICs for exploiting the speed and flexibility. 

One of the major subsystems which was not studied adequately was the optics 
associated with the transmitter and receiver of range finders. These days GaAs visible- 
laser diodes are available with optical powers (CW) in excess of 5mW, but costing about 
Rs.lOO/-. With the help of suitable collimating optics GaAs based visible-laser diode 
range finders can be implemented. 
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